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IN RING-ENLARGING PYRROLIDINE ANNULATIONS., A SHORT SYNTHESIS OF

THE AMARYLLIDACEAE ALKALOID d,l—CRININEl
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Summary: The preparation of cis-3a-aryl-4-oxo-decahydrocycloheptalblpyr-
roles and cis-3a-aryl-4-oxo-octahydroindoles 1s facilitated by using a cyano-
methyl group to both protect nitrogen and serve as a precursor for a formalde-
hyde 1minium 1on.

Recent publications from our laboratory have described the efficient forma-
tion of 3a—ary1—4-—oxo-octahydro1ndoles2 and 3a-aryl-4-oxo-decahydrocylohepta-
[b]pyrroles3 from 2-amino-l-(l-arylvinyl)-cyclopentanols and -cyclohexanols. 1In
this Letter, we report that the synthesis of these 1important b1cyc11cs4 can be
further simplified by using a cyanomethyl group to both protect the basic nitro-
gen of a 2-aminoketone starting material and to serve subsequently as a source
for a formaldehyde 1iminium 1on 1ntermed1ate.5 The use of this chemistry to
achieve a short formal total synthesis of the Amaryllidaceae alkaloid dl~-crinine
1s also described.

Treatment of an aqueous solution of trans-Z—(methylamlno)cyclohexanol6 with
HC1l, KCN, and paraformaldehyde (1 equiv of each, rt, 12 h)7 afforded the N-
cyanomethyl derivative ls (75%; lH NMR & 3.58, s, CHZCN), which was cleanly

ox1di1zed to ketone 38 (88%; IR 1725 cm_l, CC14) under the Swern condltlons.9
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Dropwise addition of a THF solution of (1-pheny1v1ny1)11th1um2a to 2 (THF,

-78°C; quenched after 40 min at -78°%¢ by adding wet THF) gave a single adduct
28'10 (lﬂ NMR &6 3.71, ABq, CHZCN; § 2.45-2.60, m, CHN), which was 1solated 1in
50% yield after chromatography on silica gel. Treatment of 3 with 1.1 equiv of
d-10-camphorsulfonic ac:id 1in refluxing benzene for 11 h, or with 1.1 equiv of
AgN03 at room temperature in ethanol for 1 h, gave the known3 c1s-3a-phenyl-4-
oxo-decahydrocycloheptal[b] pyrrole 18 as the sole product (i1solated i1n 60-70%
yleld after silica gel chromatography).

A related sequence can be utilized to prepare cis-3a-aryl-4-oxo-octahydro-
indoles 1n three steps from 1l,2-bis(trimethylsilyloxy)cyclopentene (2).ll For
example, reactlon12 of 5 with 1.2 equiv of benzyl (cyanomethyl)amine (prepared in
86% yield from benzylamine, HCl, KCN, and paraformaldehyde)7 in refluxing metha-
nol for 28 h éave amlnocyclopentanone 98 (IR 1750 cm_l, cc14; lH NMR AB quartets
centered at § 3.78 and 3.65 for CH2CN and ngph; § 3.25-3.35, m, CHN) 1n 72%
yleld. The reaction of [l—[3,4—(methylenedloxy)phenyl]vmyl]11th1um2a wilth
ketone 6 occurred predominantly (9:1 preference 1in THF at —78°C) from the side
opposite the dialkylamino group to give alcohol 7 as a chromatographically
homogeneous o1l 1n 74% yield after purification on silica gel. Aminoalcohol 7
showed characteristic AB quartets 1in the 1H NMR for the benzyl and cyanomethyl
methylene hydrogens at § 3.83 and 3.40 and an 1intramolecular hydrogen-bonded OH
absorptlonza'13 at 3418 cm_l (CC14) in the 1nfrared spectrum. Treatment of 7
with 1.1 equiv of AgNO3 in ethanol for 2 h at 50°C gave 8 1n 93% yield after
purification on silica gel. ci1s-Decahydroquinoline 8 (mp 102-103°C  after

2a,14

crystallization from hexane) showed a characteristic narrow multiplet

(half-height width = 5.2 Hz) for H7a at § 3.39 1in the lH NMR spectrum and an AB
quartet for the benzyl methylene centered at § 3.62 (JAB = 13.3 Hz,zAvAB = 232
Hz at 250 MHz). Debenzylation (Pd/C, cyclohexene, ethanol, 1 N HC1) a of 8 was
accomplished 1n 95% yield to give hydroindolone 9, which was 1dentical (250 MHz
lH NMR, 63 MHz 13C NMR, TLC) with an authentic sample.za'15b Since cis-octahy-
droindolone 9 has been previously converted 1in six steps to dl-crinine (ig),ISb
the sequence described here constitutes a concise formal total synthesis of this
alkalold.15

Hydroindolone 8 was assembled as summarized 1n the Scheme with complete
stereocontrol 1in three steps and 47% overall yield from 1,2-bis(trimethylsilyl-
oxy)cyclopentene. This sequence achleves the most practical entry to the widely
occurrlng4 c1s-3a-aryloctahydroindole ring system to be described to date, and
provides another 1llustration of the utility of "directed" aza-Cope rearrange-

ments 1n organic synthesis,
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